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doi:10.1016/j.fjs.2011.10.002Summary Background and purpose: To evaluate the feasibility and safety of conventional
laparoscopic instruments in common urological laparoendoscopic single-site (LESS) procedures.
Methods: From 2008 to 2010, we retrospectively reviewed prospectively collected data from 100
patients who underwent LESS procedures by a single surgeon for various common urological indi-
cations. The LESS operations included adrenalectomy (nZ 15), radical nephrectomy (nZ 3),
radical nephroureterectomy with bladder cuff resection (nZ 5), varicocelectomy (nZ 12),
nephropexy (nZ 4), lumbar sympathectomy (nZ 4), and adult hernia mesh repair (nZ 57).
Results: All procedures were completed successfully without ancillary ports or articulating
instruments, except in two cases that required laparoscopic conversion. The mean patient age
was 48.9 years, and the mean body mass index was 23.8. The mean operative time was 99.7
minutes, the mean estimated blood loss was 17.3 mL, and the mean hospital stay was 2.1 days.
No intra-operative complication occurred.
Conclusion: Our experience revealed that the usage of conventional laparoscopic instruments is
feasible and safe in common urological LESS procedures.
Copyright ª 2011, Taiwan Surgical Association. Published by Elsevier Taiwan LLC. All rights
reserved.f Surgery, Buddhist Tzu Chi
ianguo Road, Xindian, Taipei,
o.com.tw.
ight ª 2011, Taiwan Surgical Asso1. Introduction
The recent development of laparoendoscopic single-site
surgery (LESS) was revolutionary. It has been successfully
performed in various urological operations.1e4 The mostciation. Published by Elsevier Taiwan LLC. All rights reserved.
216 Y.-C. Tsaiobvious advantage of LESS is its cosmetic outcome when
compared with the conventional laparoscopic procedure.
This novel technique theoretically reduces the multiple
trocar-related parietal abdominal wall wounds and the
possibilities of multiple trocar-related complications.
Unfortunately, except for cosmetics, the advantages of
LESS over conventional laparoscopy have not been
confirmed up to date. Thus, before the wide acceptance of
LESS for its clinical advantages, the extra expenses on
commercial LESS devices should be cautiously managed in
order not to bankrupt our health care system. Besides,
these commercial LESS devices have not been available in
many parts of the world, including Taiwan, until recently.
We report the results of a study exploring the feasibility and
safety of conventional laparoscopic instruments in common
urological LESS procedures and minimizing the possible
expenses in LESS.2. Patients and methods
Between December 2008 and July 2010, we reviewed
prospectively collected data from 100 patients who
underwent LESS operations by a single surgeon at Tzu Chi
General Hospital. Before proceeding to human LESS
procedures, the surgeon practiced the following procedures
in live animal laboratories, to confirm the safety and
feasibility. After approval by the Medical Ethics CommitteeFigure 1 (A) An Alexis wound retractor was placed through the
a standard laparoscopic trocar with the upper half of the glove pa
glove and the first trocar were snapped on the wound retractor.
and secured with 1-0 silk sutures; and (D) the third standard trocaof the Institute, LESS procedures were performed including
adrenalectomy (nZ 15), radical nephrectomy (nZ 3),
radical nephroureterectomy with bladder cuff resection
(nZ 5), varicocelectomy (nZ 12), nephropexy (nZ 4),
lumbar sympathectomy (nZ 4), and adult hernia mesh
repair (nZ 57). The choice of LESS or a conventional
procedure in each case was made according to the patient’s
preference. The LESS procedures comprised 63% of the
total number of laparoscopic procedures performed by the
single surgeon in the same duration for similar indications
(Fig. 1). The detailed surgical indications and procedures
are listed in Table 1. The peri- and post-operative param-
eters were prospectively collected and retrospectively
analyzed.
All procedures were performed by a homemade single
access platform, using an Alexis wound retractor (Applied
Medical, Rancho Santa Margarita, CA, USA), which had been
described previously.5 Fig 2 shows the step-by-step setup of
the homemade single port in a case of LESS adrenalec-
tomy.6 For radical nephrectomy and nephroureterectomy,
a 4-cm peri-umbilical incision was always required for
intact specimen retrieval, and thus a small size Alexis
wound retractor was used to set up primary access. For
other procedures, an extra-small size wound retractor was
used, because the specimen size was small or specimen
retrieval was not necessary. The locations and lengths of
incisions for different procedures are detailed in Table 1.
For adrenalectomy, nephropexy, lumbar sympathectomy,incision; (B) the double-layered surgical glove was secured on
rts (including the 5 fingers) truncated; (C) the double-layered
The other standard 5 mm trocar was inserted through gloves
r was inserted and secured with the same technique.
Table 1 Demographic data and surgical indications of 100 LESS procedures.
Procedure No. of
patients
Incision
(location/size)
Age
(mean SD)
ASA BMI
(mean SD)
Indication or diagnosis
Adrenalectomy 15 12th rib/ 2-3 cm 50.8 11.6 2.2 0.4 25.5 2.4 Functional adenoma (12),
non-functional adenoma (1),
Pheochromocytoma (2)
Radical nephrectomy 3 Umbilicus/ 4 cm 60.6 8.0 1.6 0.6 28.7 3.5 Renal cell carcinoma (3)
Nephroureterectomy 5 Umbilicus/ 4 cm 65.6 8.5 2.3 0.6 22.3 5.9 Renal pelvis TCC (3),
ureteral TCC (2)
Varicocelectomy 12 Umbilicus/ 2 cm 36.1 16.7 1.2 0.4 23.6 5.2 Symptomatic scrotal varicoceles
Nephropexy 4 12th rib/ 2 cm 44.6 17.8 1.5 0.7 21.4 3.7 Symptomatic floating kidney
(right:3; left:1)
Lumbar sympathectomy 4 12th rib/ 2 cm 57.0 41.0 2.5 0.7 23.1 1.9 Plantar hyperhidrosis (2), PVD (2)
Hernia mesh repair 57 Umbilicus/ 2 cm 48.8 16.2 1.6 0.6 23.2 3.1 Inguinal hernia, bilateral (38),
unilateral (19)
PVD: Non-reconstructable peripheral vascular disease.
Feasibility and safety of conventional laparoscopic instrument in LESS 217varicocelectomy and hernia repair, three 5-mm trocars
were used. For nephrectomy and nephroureterectomy, two
12-mm trocars and two 5-mm trocars were used, because
a third instrument for organ retraction was sometimes
inevitable. In all conditions, 5- or 10-mm rigid 30 degree
laparoscope and standard (not pre-bent or articulating)
laparoscopic instruments were used for all procedures. The
Vicryl endoloop (Ethicon Endo-Surgery, Inc., Cincinnati,
OH, USA) was employed beneath the ureterovesical junc-
tion for ligation of the bladder cuff. The needle required
for nephropexy was delivered into the retroperitoneal
space by direct puncture of the gloves of the single port,
and the hernia mesh was delivered through the 10-mm
trocar. The details of laparoscopic instruments and the
LESS procedure related consumables are listed in Table 2.
The operative and post-operative data, including the
estimated blood loss, additional ports or conversion,Figure 2 The percentages of laparoendoscopic single-site oper
performed by the single surgeon in the same period of time for simoperative time, hospital stay, complications, and surgical
outcomes, were recorded. Additional consumable expenses
other than those for conventional laparoscopy on our LESS
procedure were analyzed.3. Results
During the study period, 100 patients (75 males, 25
females) underwent transperitoneal (nZ 28) and extra-/
retro-peritoneal (nZ 72) LESS procedures. The demo-
graphic data are listed in Table 1. For the entire cohort, the
mean patient age was 48.9 years, and the mean body mass
index was 23.8 3.7 kg/m2. The mean set up time for our
homemade single port was 19.7 6.7 minutes, which varied
in different procedures but decreased in general with
experience. The creation of a homemade single port wasations (LESS) in the whole series of laparoscopic procedures
ilar indications.
Table 2 The details of laparoscopic instruments and consumables used in LESS procedure.
Instruments Diameter Length Additional expenses than conventional LPS (U.S. Dollars)
30endoscope 10/5 mm 31/29 cm reusable
Dissecting forceps 5 mm 36 cm reusable
Grasping forceps 5 mm 36 cm reusable
Scissor 5 mm 36 cm reusable
Dissecting electrode 5 mm 36 cm reusable
Needle holder 5 mm 33 cm reusable
Suction &irrigation cannula 5 mm 36 cm reusable
Weck endoscopic applier 5/10 mm 32.5/32 cm reusable
Ethicon Endoretract 10 mm 32 cm 126
Alexis wound retractor S/XSml N.A. 98/78
Vicryl Endoloop N.A. 45 cm 30
5/10mm trocar 5/10 mm N.A. The same as conventional LPS
ProTackTM 5 mm 35.5 cm The same as conventional LPS
Endo GIATM 12 mm 31 cm The same as conventional LPS
LPS: laparoscopic surgery.
218 Y.-C. Tsaia success in all cases. For the double-layered glove design
of the single port, gas leakage was not encountered even
after needle puncturing (LESS nephropexy), or in proce-
dures with longer operative time (nephroureterectomy with
bladder cuff resection; up to 6 hours).
The LESS procedures were successfully completed in 98
cases without the need of ancillary ports or instruments. All
procedures were completed with conventional instruments
listed in Table 1; articulating, curved or flexible instru-
ments were not used in any conditions. With the average
length (36 cm) of conventional instruments, difficulty in
dissection occurred in only one case of a large (10 cm in
diameter) upper pole renal cell carcinoma (RCC), which
made upper pole dissection impossible, and the procedure
was converted to standard laparoscopy. The other case
where hand-assisted laparoscopy conversion was made was
a case of renal pelvis transitional cell carcinoma. The tight
adhesions of the renal hilum surroundings due to recurrent
pyelonephritis in this case, had made LESS manipulation
difficult in pedicle dissection. Surgical incision extension
was required in three cases (2 adrenal tumors >5 cm and
1 10 cm RCC) for intact specimen retrieval.Table 3 Peri- and post-operative outcome data.
Procedure (Difficulty score) Tumor size (cm)
Mean SD
EBL (ml)
Mean SD
OR
Mea
Adrenalectomy (FD) 3.3 1.7 93.0 283.7 153
Radical nephrectomy (D) 6.3 3.2 93.3 51.3 180
Nephroureterectomy (D) 2.4 1.8 70.0 24.5 284
Varicocelectomy (E) NA minimal 65.
Nephropexy (NA) NA minimal 121
Lumbar sympathectomy (NA) NA minimal 67.
Hernia mesh repair(NA) NA 2.9 24.2 72.
LPS: laparoscopic.
FD: fairly difficult.
D: difficult.
E: easy.
NA: not available.The intraoperative data and complication are listed in
Table 3. The difficulty levels of performed LESS procedures
were scored according to the “European scoring system
for laparoscopic operations in Urology”.7 The levels of
difficulty were classified as E (easy), SD (slightly difficult),
FD (fairly difficult), and D (difficult). The mean operative
time was 99.7 minutes (range, 30e387 minutes), the mean
estimated blood loss was 17.3 mL (range, minimale
900 mL), and the mean hospital stay 2.1 days (range, 0e11
days). The procedures classified as D usually required
a longer operation time than those classified as FD or E. The
incidence of multiport laparoscopic conversion was also
higher in procedures scored as D (2/8, 25%) than those
scored as FD and E (0/27). Blood transfusion was required in
only one patient who underwent LESS adrenalectomy. No
major intraoperative or postoperative complication was
encountered, but there were 11 minor complications,
including one hydrocele after varicocelectomy, three
temporary abdominal wall relaxations after adrenalectomy,
and one temporary ileus, and six inguinal seromas after
mesh repair. Postoperative ileus in a single case recovered
spontaneously, but caused a prolonged hospital stay (11time (min)
n SD
Hospital stay
(day) Mean SD
Complications Conversion and
complication
.4 50.9 2.5 0.8 Temporary Relaxation of
abdominal wall (3)
.0 13.2 4.3 0.6 1 laparoscopic conversion
.0 94.9 5.6 3.5 1 laparoscopic Conversion
0 14.9 1.4 0.5 1 hydrocele
.0 29.7 3.3 0.5 nil
0 6.3 2.5 0.7 nil
1 23 1.6 1.2 1 ileus, 6 seroma, 1 recurrence
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resolved spontaneously within 1 month of observation.
The median length of follow-up was 3 months (range, 2
weekse8 months). For functional adrenal tumors, hyper-
tension resolved in all except one case with improved blood
pressure control postoperatively. For RCC, the surgical
margins were negative and local recurrence was not iden-
tified to date. For upper tract transitional cell carcinoma
(TCC), pathological examination demonstrated negative
resection margins in all cases. The symptoms of varicocele
invariably improved after varicocelectomy. For neph-
ropexy, the symptoms all resolved, and follow-up standing
pyelography revealed normal position and axis of the
treated kidney. In lumbar sympathectomy, the cases of
plantar hyperhidrosis developed anhidrosis postoperatively
and the cases of non-reconstructable peripheral vascular
disease had significant relief of pain in all cases. Hernia
recurrence in a single case was re-explored by open repair
and the recurrence was confirmed to be the consequence of
the absorbable bioactive mesh.
The additional consumables used in our LESS procedures
are listed in Table 2. Additional expenses, other than those
for conventional laparoscopy, in this study were US$78 on
LESS adrenalectomy, US$224 on LESS nephrectomy, US$254
on LESS nephroureterectomy, US$78 on LESS nephropexy,
US$78 on LESS lumbar sympathectomy, and US$78 on LESS
hernia mesh repair.4. Discussion
The recently developed, novel, revolutionary surgical
technique, collectively known as LESS, has been success-
fully used in a wide variety of urological procedures.1e4
However, except for cosmetics, the outcome advantages
of LESS over conventional laparoscopic procedures, have
not been confirmed to date. Most of the enthusiastic acts
for the LESS procedure, were virtually driven by the
industry marketing of commercial LESS devices.8 For the
unproven benefit of LESS, which increases the cost of
health care, the added expenses of these commercial LESS
devices should be cautiously managed. In addition, none of
the devices are covered by medical insurance, or available
in Taiwan. Hence, we conducted a study exploring the
feasibility and safety of conventional laparoscopic instru-
ments and homemade single-ports in common urological
LESS procedures.
To the best of our knowledge, this is the largest pub-
lished series to date evaluating the safety and effectiveness
of conventional laparoscopic instruments in LESS. In our
series, the operation was successfully completed in the
majority of cases (98%) with a homemade single port and
conventional instruments, except for two cases that
required laparoscopic conversion. In only one case was the
conversion directly related to the inadequate length of
conventional laparoscopic instruments. The LESS procedure
accounted for more than 60% of our laparoscopic proce-
dures in the same period of time for similar indications and
actually non-selected patients for most indications (Fig. 1).
None of the patients had a major complication. The minor
complications resolved spontaneously and were not directly
related to the LESS devices or techniques. The operatingtime was longer than in conventional laparoscopic surgery
in the literature, but the increased time might be related to
the time that was consumed in homemade single port
creation. Thus, on the basis of our 100 cases, we believe
that conventional laparoscopic instruments can be safely
and effectively used in LESS for most common urological
indications.
Several obstacles should be overcome before starting
the LESS procedure. The first is creating a multiple access
platform that allows comparable universal adoption of
conventional laparoscopic ports through a single skin inci-
sion, without compromising pneumoperitoneum. Several
types of ports are currently commercially available: the
TriPort (Advanced Surgical Concepts, Bray, Ireland), Uni-X
(Pnavel systems, Cleveland, OH, USA), and the SILS port
(Covidien, Cincinnati, OH, USA). However, these commer-
cialized single ports are not yet available in Taiwan.
Therefore, we created our own homemade single port with
surgical gloves and standard laparoscopic trocars.5 Our
homemade single port has the following merits: (1) it is
more cost-effective than commercial single ports and fully
covered by medical insurance in Taiwan; (2) it is highly
flexible since it is formed by gloves and highly flexible in
choice of trocar sizes and arrangements; (3) by using the
larger trocar (10- or 12-mm), the biopsy specimen, mesh or
needle can be delivered inside/outside the surgical field
with ease; and (4) as the double-layered glove is used to
build the port, the ballooning effect common in the glove-
made single port can be minimized.3 In addition, the
double-layered design prevents air leak, thus making it
durable even after punctures by needles or long procedures
lasting up to 6 hours.8 The only possible drawback of the
current homemade port, is that its setup is time-
consuming, and usually leads to a longer operative time
(mean 19.7 minutes longer in this study).
Another obstacle is the loss of instrument triangulation
and crowding of instruments. Newer articulating instru-
ments offer a better solution to the aforementioned prob-
lems. However, crossing manipulation of these articulating
instruments is counterintuitive and these articulating
instruments are structurally less durable than conventional
instruments.2 After gaining experience with more than 100
LESS procedures with the same LESS platform (homemade
single-port, 30 degree endoscopy and conventional lapa-
roscopic instruments), the instrument triangulation and
clashing problems now rarely hinder our LESS procedures,
by using the following tips. Firstly, with both hand instru-
ments proceeding to the dissection and traction in rotation,
the “sword fighting” of instruments can usually be avoided
in most circumstances. Secondly, the instrument for tissue
traction and the instrument for dissection should be placed
in two different positions or directions, to prevent the
instruments from clashing with each other. Thirdly, for
successful intracorporeal suturing and knotting, the
instrument triangulation is critically important. Thus, the
laparoscope has to be positioned between instruments set
on both sides to keep the mini-triangulation. In addition,
the curved-tip needle holder and dissectors will provide
more room and angle in suturing and knotting under our
LESS platform. Although the aforementioned LESS tech-
niques take time to learn and practice, it is useful to meet
the challenges by using conventional instruments in LESS.
220 Y.-C. TsaiOur LESS platform has the following valuable features:
(1) the average increased expenses on LESS consumables
(US$79.8/procedure) are minimal. (Table 2); (2) the
primary access of our LESS is always performed by an open
technique, thus LESS is much safer than conventional
laparoscopy using a Veress needle for primary access. The
extra-expense on Veress needle can therefore be elimi-
nated; (3) in LESS adrenalectomy, three trocars on
a homemade port are usually sufficient in our retroperito-
neal approach, hence the extra-expense on the fourth or
fifth trocar, which is commonly used in conventional lapa-
roscopic adrenalectomy, can be saved; and (4) with the
currently described LESS technique, further expenses on
newer articulating instruments and flexible endoscopic
systems are rarely necessary when a standard laparoscopic
system and instruments are already available. Though the
clinical advantages of LESS over conventional laparoscopic
procedures are still under investigation, with our LESS
platform, LESS would in all probability be as cost-effective
as conventional laparoscopic surgery.
In conclusion, our experience revealed that conven-
tional laparoscopic instruments are conveniently usable
and safe in common urological LESS procedures. In an
experienced hand, LESS could be successfully performed
for most indications with reasonably good short-term
outcomes, comparable to conventional laparoscopy in
articles published in the literature. Although the outcome
advantages of LESS over conventional laparoscopy are still
under investigation, with our LESS platform, LESS wouldprove to be as cost-effective as conventional laparoscopic
surgery.
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